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Chemistry is rightly classified as one of the mathematical sciences; for it is very clear 
how certain branches of continuous mathematics can play an important role in the 
study of chemical processes. It is, perhaps, not quite so clear to what extent discrete 
mathematics lends itself to chemical application. Nevertheless, in the 19th century 
~ not all that long after the ideas about valency and the nature of chemical compounds 
had gained general comprehension ~ some mathematicians had realized that there 
were many combinatorial problems inherent in these ideas. Arthur Cayley, in particu- 
lar, was led to some pioneering work in the enumeration of trees by considering the 
general problem of determining the numbers of isomers of certain kinds (see [4, 51). 
Cayley’s results were extended by others, see, for example [2] and [3], but with the 
publication of Polya’s important 1937 paper [ 121 the solution of many such problems 
was greatly simplified. By the use of Polya’s “Hauptsatz”, the main result in this long 
paper, the solutions to a broad range of enumeration problems became largely 
a matter of routine. By such means the enumeration of a wide class of acyclic 
compounds was achieved. See, for example, [13]. 
The obvious next step in this direction was the enumeration of chemical com- 
pounds that were not acyclic, but which contained ring structures of one kind or 
another. This was a problem of a higher order of difficulty altogether. In its most 
general form this was the following problem: given the number of atoms of each kind 
occurring in a chemical compound, determine the number of possible isomers, i.e. the 
number of ways in which these atoms can be connected together in a manner 
consistent with their valencies. In graph-theoretical terms this is a variation on the 
problem of determining the number of graphs with a given degree sequence. 
This is a problem to which no satisfactory practical solution has yet been found. So 
although Polya and others have given solutions for special cases - those in which the 
molecule consists of some fairly simple cyclic structure to which are added acyclic 
side-chains (the alkyl derivatives of benzene provide a simple example) - the general 
isomer enumeration problem remains a largely open combinatorial problem. In the 
absence of a general formula for the number of isomers, it is natural to look for an 
algorithm that will determine (usually using a computer) the number of isomers for 
any given instance of the problem. Algorithms by Farrell [6], and by James and Riha 
[9] have done this for the graph-theoretical problem, and the program DENDRAL 
[lo] does this (and much more) in the chemical context. 
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There are many similar enumeration problems in which molecules are regarded 
as being constructed from larger building blocks than individual atoms. Those 
molecules constructed from benzene rings (called “benzenoid condensed polycyclic 
system” or “polyhexes”) provide a wealth of combinatorial problems. Again, the 
acyclic members of this set (which have been called “tree-like polyhexes”) are 
comparatively easy to enumerate (see [7]), but when it is permitted for three 
hexagons (benzene rings) to be mutually adjacent, or when rings of hexagons are 
allowed, the whole situation becomes much more complicated, and the correspond- 
ing enumeration problems become more or less intractable. See [l] for an introduc- 
tion to this topic. 
A recent development in this area concerns the “Buckminsterfullerenes” which are 
also built up from hexagonal and other polygonal structures, but which, instead of 
being essentially planar objects, are embedded in a closed surface (or, to put it more 
accurately, which define a closed surface). In current research the surface is usually 
a sphere, but extensions to the torus and other orientable surfaces are presumably 
possible. 
A chemical fact of life that became very apparent towards the end of the 19th 
century was the great diversity of chemical compounds. The enumerations described 
above underlined the extent to which isomers, especially of organic compounds, could 
profilerate as compounds got larger and larger. It was clearly not enough to list how 
many atoms of each kind there were in a molecule; the structure - the way the atoms 
were bonded together - was all-important. Equally clearly, it was not going to be 
a practical proposition to give arbitrary names to each of possibly millions of different 
structures; some way had to be found to designate the structure of any given molecule 
in some unique way. Thus there arose the problem of chemical nomenclature, that of 
associating “names” (in the general sense of strings of symbols) with chemical com- 
pounds in a one-to-one manner, by means of a clearly defined procedure. 
This is a purely combinatorial problem, a variation on the graph coding problem, 
itself a variation on the famous (one could say notorious) graph isomorphism 
problem, that of determining, in polynomial time, whether two graphs are isomorphic 
or not. This problem is not known to be NP-complete, though some suspect hat it is; 
but it certainly has all the appearances of being intractable. Certainly no polynomial 
algorithms are known which solve the problem. 
The problem of chemical nomenclature is therefore a difficult one, but as a matter of 
practical necessity methods have had to be found for tackling it. Many systems have 
been proposed which serve well enough for chemistry’s present needs. Some of these, 
such as the IUPAC system [8] and Wiswesser’s Line Notation (see [ 15]), are based on 
severely practical considerations and make effective use of knowledge of the proper- 
ties of the kinds of compounds that are likely to be met. Others are based more on 
graph-theoretical grounds, and will, at least in theory, cope with any kind of chemical 
structure, however bizarre it might be. Among these are the system devised by 
Morgan [ 111 and my own modest contribution to the subject [ 143. Needless to say, in 
the light of what was said above, the algorithms which realize these systems are 
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basically exponential, though attempts were naturally made to ensure that they would 
run as speedily as possible on the more common chemical formulae. 
On a more theoretical level attempts have been made to devise invariants (usually 
called indexes) which will to some extent distinguish between chemical structures. 
Prominent among these is the characteristic polynomial of the adjacency matrix of the 
graph associated with the structure. Although it was realized early on that this failed 
to be a “code” for chemical structures, in that different structures could have the same 
polynomial, nevertheless this characteristic polynomial and its associated eigenvalues 
have turned out to be useful objects of study. Other combinatorial invariants have 
been found to show interesting correlations with physical and chemical properties of 
compounds. 
The topics mentioned above represent only a few of the many ways that discrete 
mathematics can play a role in chemical studies. In this special issue of Discrete 
Applied Mathematics a number of papers on a variety of topics have been brought 
together to give the reader an overall picture of the work that is being done in this 
area, and an indication of the whereabouts of the frontiers of research on these topics. 
It is hoped that, besides being informative to those already interested in the subject 
matter, the contents of this issue may convince other workers in discrete mathematics 
that they can find in Chemistry a wealth of worthy problems to which they can apply 
their minds and skills. 
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